The present study investigates the presence of hepatitis A virus HAV in wastewater both before and after conventional treatment. Two different procedures are used to concentrate the viruses: ( ) by precipitation and by filtration. The reverse transciptase-polymerase chain reaction RT-PCR followed by hybridization are applied to detect HAV. The flocculation of 1 L of wastewater using the aluminum hydroxide adsorption-precipitation method gave two negative samples out of the nine processed; that is, 22% of the samples were HAV negative. The filtration method, using an immersible CX-30 ultrafiltration unit, showed 10% of the samples to be negative. However, the Chi 2 test gave no statistically significant differences for these results with respect to the method of concentration used. All of the samples of raw wastewater were HAV positive, a finding which reflects a high prevalence among the population. Furthermore, although conventional wastewater treatment reduces all other microbiological indicators by more than 99%, HAV was found to remain positive in our samples of treated water. This means that when primary influents are contaminated with HAV, the secondary effluent may constitute a public health hazard in the transmission of HAV.
INTRODUCTION
The control of viruses is especially important in water, because of their frequent use for drinking and bathing. Water is recognized as a vehicle for transmission of infectious agents, and drinking water and wastewater are the second major sources, after direct person to Ž . person transmission, of the hepatitis A virus HAV Ž . .
The amount of HAV present in wastewaters is highly variable, depending on factors such as the hygienic status, the size of the population, the prevalence of Correspondence to: M. Espigares; e-mail: mespigar@goliat.ugr.es infection in the community, and the season of the year.
Ž . Ž . Total coliforms TC , fecal coliforms FC , and het-Ž . erotrophic plate count HPC are the best bacteriological indicators of recent fecal contamination of probable Ž . human origin. The fecal streptococci FS indicate recent contamination by animal feces, and sulphite-reducing Clostridium and Escherichia coli phages indicate Ž . less recent fecal pollution Espigares et al., 1996 . However, indicator bacterial counts may give negative results even when the HAV has been confirmed in water. Current microbial standards used as safety criteria for water are not always indicative of waterborne pathogens ŽKott, 1992; Guimaraes et al., 1993; Le Guyader et al., . 1995; Okpokwasili and Akujobi, 1996 cally, the presence of HAV may not be necessarily linked to the presence of Escherichia coli, TC, FS, or other indicator organisms used in public health con-Ž trols Kopecka et al., 1993; Espigares Garcıa and . Moreno Abril, 1995 . Many methods have been suggested in recent years for reconcentrating viruses from the environmental samples. These methods can be classified fundamentally as either precipitation or filtration procedures, Ž although many variations of both types exist Lewis and Metcalf, 1988; Tsai et al., 1993; Monceyron and Grinde, . 1994; Nasser et al., 1995 The detection of viral pathogens by cell culture is very complex, especially in the case of HAV, whose in vitro growth is time consuming. Recently, new biotechnology developments for the detection of HAV have been considered both technically and practically feasible for routine monitoring purposes. The polymerase Ž . chain reaction PCR is a highly sensitive and specific in vitro method for primer-directed enzymatic amplification of specific target DNA sequences, and permits the rapid detection of viruses for environmental moni-Ž toring Cromeans et al., 1997; Garcıa et al., 1995; . Quiros et al., 1995; Puig et al., 1994 and for sewage oŕ Ž . sewage sludge Tsai et al., 1993; Graff et al., 1993 . Although these techniques cannot discriminate between infectious and noninfectious particles, they offer a rapid means of screening and possibly detecting Ž viruses not detectable by other methods Le Guyader . et al., 1994 .
The present study investigates the presence of HAV in wastewater before and after conventional biological treatment, and using two different procedures for the concentration of the viruses in the water samples. The RT-PCR followed by hybridization are applied to detect HAV.
MATERIAL AND METHODS

Water Samples
Ten 5-L samples of wastewater, collected on April 1996, were obtained from a metropolitan sewage treatment plant. Five of the samples were of crude water Ž . before treatment primary influent , while the other five samples were of water that had undergone an Ž . activated sludge biologic treatment secondary effluent . 
Bacteriological Studies
Concentration of Viruses of Wastewater Samples
Two distinct methods were used to concentrate the virus:
Ž . a Concentration by flocculation: virus concentration by means of the aluminum hydroxide adsorption-pre-Ž . cipitation method APHA, 1989 . One liter of wastewater was mixed with 10 ml of 0. 9N AlCl , 3 and the pH was adjusted to 6 with NaOH. After mixing slowly for 15 min at room temperature, the floc was then sedimented by centrifugation at 1700 = g for 30 min, and the pellet resuspended in 5 ml of 3% beef extract, pH 7.4.
Ž . b Concentration by filtration: an immersible CX-30
Ž ultrafiltration unit Millipore Corp., Bedford, MA, . USA was used for the concentration of samples Ž 2 30,000 Daltons MW cut-off; 13 cm of molecular . filtration membrane area . Two-hundred milliliters of wastewater was concentrated to 4 mL, and 1 mL of 15% beef extract, pH 7.4, was added.
The concentrated samples were kept at y40ЊC until processing for nucleic acid extraction and PCR detection.
Nucleic Acid Extraction
The nucleic acid extraction in 100 L of concentrated samples was carried out by the method of Chomczynski Ž . and Sacchi 1987 , which uses guanidinium thiocyanatephenol-chloroform for nucleic acid extraction and ethanol precipitation of the nucleic acids. 
RT-PCR of Virus Samples
Amplificate Detection
Products of PCR were first analyzed by agarose gel electrophoresis and second by a DNA enzyme im-Ž . munoassay DEIA, Sorin Biomedica based on the detection of DNA᎐DNA hybrids by specific doublestranded DNA monoclonal antibodies. Streptavidincoated flat-bottomed microtiter plates were incubated overnight at 4ЊC in the presence of 100 ngrwell of a biotinilated oligonucleotide probe able to detect HAV amplificate, Biot-5 X -TCAACAACAGTTTCTACAGA- Table I gives the analytical results for the 10 wastewater samples. Half of these samples were taken from untreated wastewater, and the other half are of wastewater that that had undergone an activated sludge biologic treatment. HAV was found to be present in all 10 samples.
RESULTS
Primary treatment reduced considerably the pres-Ž . ence of all the microbiological indicators Fig. 1 , with reductions of over 99% of the parameters determined in all the samples analyzed. Table II shows the detection or absence of HAV with reference to the method used to concentrate the Ž . samples by flocculation or filtration . Although these results seem to indicate that filtration is the more effective method, the statistical analysis using the Chi 2 test indicates that no statistically significant differences Ž . can be established Table III .
DISCUSSION
The presence of HAV in wastewater has a potentially great impact on public health, as water constitutes the main means of transmission of the HAV. This virus is very resistant to disinfection by chlorine, ozone, and Ž physical means Herbold et al., 1989; Barret et al., . 1997 .
Since their development, the techniques of PCR and hybridization have become the preferred method for detecting HAV in water, though a positive result does not mean infectivity. Because the viral particles may be present only in small quantities, it is necessary to begin by concentrating the volume of the water sample in order to enhance the sensitivity of the detection methods.
There are basically two types of concentration procedures: filtration and flocculation. The former involve the use of filters able to retain the viral particles. Generally, filters 0.45 and 0.2 m are used, together with multivalent cations such as Al 3q and Mg 2q to Ž increase the adsorption efficiency of the filter APHA, . 1989; Sinton et al., 1996 . Some authors have performed the filtration through a Sephadex G-200rG-25 Ž . spun column Gilgen et al., 1995; Gajardo et al., 1995 , while others have applied the vortex flow filtration and Ž centrifugal microconcentration method Tsai et al., . 1993 .
Viruses may also be concentrated by precipitation Ž . with aluminum hydroxide or polyethylene glycol PEG Ž . APHA, 1989; Green and Lewis, 1995 , glass-powder Ž . Ž . Girones et al., 1995 , glass wool Marx et al., 1995 Ž . by lyophilization Gajardo et al., 1995 . The method of choice of other authors is that of chemical precipita-Ž . tion, also known as flocculation Schatte, 1987 . Both the concentration methods applied in the pre-Ž sent study proved effective in concentrating HAV Ta-. ble II . In the virus concentration carried out using the aluminum hydroxide adsorption-precipitation method, two negative samples were obtained out of a total of nine processed; that is, 22% of these samples were shown to be HAV negative. With the filtration method, using an immersible CX-30 ultrafiltration unit, 10% of the samples gave negative results. Nonetheless, no statistically significant differences were found to exist regarding the effectiveness of the two concentration methods when the Chi 2 test was applied to our results. On the other hand, it should be pointed out that the precipitation method was used to process 1 L of the sampled wastewater, whereas the filtration method was used to process 200 mL of sample. The precipitation method allows greater volumes of water to be processed, particularly in the case of surface water and seawater; yet 1 L is the most common sample volume for wastewater, which tends to have a greater content Ž . in suspended particles Girones et al., 1995 . When filtration is the method of choice, the samples are Ž usally smaller Jothikumar et al., 1993; Tsai et al., . 1993 . In our case, the sample volume was restricted to 200 mL because processing of larger volumes caused clogging of the filters. If we take sample volume into account, filtration would appear to be the more sensitive of the two methods of concentration, as it resulted in a greater percentage of positive samples when a smaller quantity of water was processed.
The fact that HAV was detected in all of the crude water samples reveals a high prevalence of infection in the population as a whole, a finding that coincides with the epidemiological studies of other Spanish authors ŽGonzalez et al., 1994; Montes Martınez and Agullá. Budino, 1996 . It is important to note that the fecal excretion of HAV can last for months after resolution of symptoms and such patients could be a source of further spreading of the virus in the community Ž . Yotsuyanagi et al., 1996 . Finally, the effectiveness of conventional wastewater treatment in eliminating HAV is a major point of concern for public health. Wastewater usually undergoes a treatment process that consists of strainer, grit trap, preliminary sedimentation, biological treatment using the activated sludge process, and secondary sedimentation. Our results indicate that the mean values for the microbiological indicators were reduced by over 99%. The HPC tended to increase with the secondary treatment, as a consequence of the use of organic matter as the substrate, but then decreased after an effective secondary decantation, as indicated by our Ž . results Fig. 1 . Even the SRC, which are more resistant as spore-forming, underwent a reduction of over 99%. These findings indicate an adequate functioning of the treatment plant involved in our study.
Nevertheless, the fact that all the wastewater samples were still HAV positive after treatment demonstrates that this virus is able to pass through primary sedimentation, activated sludge process, and secondary sedimentation as well. We can thus conclude that when primary influents are contaminated by HAV, the secondary effluent also constitutes a health hazard in the transmission of the HAV.
